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(57) ABSTRACT 

Methods of fabricating integrated circuit memory cells and 
integrated circuit memory cells are disclosed. An integrated 
circuit memory cell can be fabricated by forming a cup 
shaped electrode on sidewalls of an opening in an insulation 
layer and through the opening on an ohmic layer that is 
stacked on a conductive structure. An insulation filling mem 
ber is formed that at least partially fills an interior of the 
electrode. The insulation filling member is formed within a 
range of temperatures that is sufficiently low to not substan 
tially change resistance of the ohmic layer. A variable resis 
tivity material is formed on the insulation filling member and 
is electrically connected to the electrode. 
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1. 

VARABLE RESISTANCE NON-VOLATLE 
MEMORY CELLS AND METHODS OF 

FABRICATING SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application priority under 35 USC S 119 to Korean 
Patent Application No. 2007-60442, filed on Jun. 20, 2007, 
the disclosure of which is hereby incorporated herein by 
reference in its entirety as if set forth fully herein. 

FIELD OF THE INVENTION 

The present invention relates to non-volatile memory 
devices and related manufacturing methods, and more spe 
cifically to variable resistance non-volatile memory devices 
and related manufacturing methods. 

BACKGROUND OF THE INVENTION 

Non-volatile memory devices are widely used in many 
consumer, commercial and other applications. While some 
non-volatile memory devices, such as dynamic RAM and 
flash memory, use accumulated charge to store data, Some 
other non-volatile memory devices, such as resistive random 
access memory (RRAM), phase change RAM (PRAM), and 
magnetic RAM (MRAM), use change in resistivity of a mate 
rial therein to store data. 
A resistive memory cell generally includes a first electrode, 

a second electrode, and a variable resistivity material con 
nected therebetween. The resistive memory cell can be con 
figured so that the resistivity of the material is controlled in 
response to a Voltage that is applied between the first and 
second electrodes. 
A PRAM device may include a phase changeable material 

layer which functions as a variable resistivity material. In 
response to Sufficient heat, the phase changeable material 
layer may change phase so that its resistance changes and 
remains changed after its temperature returns to a pre-heating 
level. The phase changeable material layer may be formed 
from a chalcogenide material that includes germanium (Ge), 
antimony (Sb), and/or tellurium (Te). The phase of the mate 
rial can be controlled in response to a level of current and/or 
duration of current that is applied to an electrode to heat the 
material a Sufficient amount to change its phase. The resis 
tance of the phase changeable material layer varies in 
response with its phase. For example, when the phase change 
able material has a crystalline state, its resistance can be 
Substantially less than when the phase changeable material 
layer has an amorphous state. Accordingly, the resistance of 
the phase changeable material in a PRAM device is controlled 
to store a logic value and is sensed to read the logic value. 

FIGS. 1A-H are cross-sectional views illustrating a con 
ventional method of manufacturing a phase changeable 
memory device. Referring to FIG. 1A, an electrical insulation 
layer 112 is formed on a substrate 100. The insulation layer 
112 may be formed from, for example, silicon oxide and/or 
silicon nitride. A photo resist pattern is then formed on the 
insulation layer 112. The insulation layer 112 is patterned 
using the photo resist pattern as a mask to form an opening 
117, with sidewalls 115, that exposes a portion of the sub 
strate 100. The opening 117 may expose, for example, an 
impurity region in the substrate 100 that serves as a conduc 
tive line for the memory device. 
A semiconductor member having first conductivity type 

impurities is formed to partially fill the opening 117. The 
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semiconductor member is formed by a selective epitaxial 
growth (SEG) process using the exposed portion of the Sub 
strate 100 as a seed layer. 
A vertical cell diode 145 is formed in the semiconductor 

member within the opening 117 by doping an upper region 
146 thereof with second conductivity type impurity ions 
while a lower region 148 of the semiconductor memory has 
predominately first conductivity type impurity ions. 

Referring to FIG. 1B, an ohmic layer 149 is formed within 
the opening 117 on the diode 145, such as by depositing a 
metal silicide through the opening 117 on an upper Surface of 
the diode 145. 

Referring to FIG. 1C, an insulating spacer layer 150 is 
formed on upper surfaces of the insulation layer 112, side 
walls 115 of the opening 117 above the ohmic layer 149, and 
on an upper surface of the ohmic layer 149. The spacer layer 
150 is formed from silicon nitride at a temperature greater 
than 680° C. Referring to FIG. 1D, the spacer layer 150 is 
planarized to expose the upper Surfaces of the insulation layer 
112 and form insulating spacers 155 along sidewalls of the 
opening 117. 

Referring to FIG. 1E, a metal layer 162 is formed on the 
spacers 155 along sidewalls of the opening 117 and on the 
ohmic layer 149. A metal nitride layer 164 is formed on the 
metal layer 162 in the opening 117. The metal layer 162 and 
the metal nitride layer 164 serve as a lower electrode layer 
160. 

Referring to FIG. 1F, an insulating filling member 170 is 
formed on the metal nitride layer 164 to fill a remaining 
portion of the opening 117. The filling member 170 may be 
formed at a temperature greater than 680° C. using, for 
example, an undoped silicate glass (USG) process, a spin-on 
glass (SOG) process, a field oxide (FOX) process, a boro 
phosphosilicate glass (BPSG) process, a phosphosilicate 
glass (PSG) process, a tetraethoxysilane (TEOS) process, a 
plasma-enhanced tetra ethyl ortho silicate (PE-TEOS) pro 
cess, a high-density plasma chemical vapor deposition (HDP 
CVD) process, and/or a nitridation process to form silicon 
nitride. 

Referring to FIG.1G, the filling member 170 and the lower 
electrode layer 160 are planarized to expose upper surfaces of 
the insulation layer 112 and form a cup-shaped lower elec 
trode 165 within the opening 117. The lower electrode 165 
has the patterned metal layer 166 and the patterned metal 
nitride layer 168. 

Referring to FIG. 1H, a phase changeable material layer is 
formed from a chalcogenide material on upper Surfaces of the 
insulation layer 112, the filling member 170, and the lower 
electrode 165. A conductive upper electrode layer is formed 
on the phase changeable material layer. The phase changeable 
material layer and the upper electrode layer are patterned to 
form a phase change material pattern 180 and an upper elec 
trode pattern 190, respectively. 

SUMMARY OF THE INVENTION 

Various embodiments of the present invention are directed 
to methods of fabricating an integrated circuit memory cell. 
In some embodiments thereof, a cup-shaped electrode is 
formed on sidewalls of an opening in an insulation layer and 
is formed through the opening onto an ohmic layer that is 
stacked on a conductive structure. An insulation filling mem 
ber is formed that at least partially fills an interior of the 
electrode. The insulation filling member is formed within a 
range of temperatures that is sufficiently low to not substan 
tially change resistance of the ohmic layer. A variable resis 
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tivity material is formed on the insulation filling member and 
is electrically connected to the electrode. 

In some further embodiments, the variable resistivity mate 
rial includes a chalcogenide material. The insulation filling 
member may be formed within a range oftemperatures that is 
less than a temperature at which the ohmic layer is oxidized. 
The insulation filling member may be formed within a range 
of temperatures that is less than 630°C., and may be formed 
within a range of temperatures between about 460° C. and 
560°C. The insulation filling member may be formed within 
a range oftemperatures that is sufficiently low to not change 
resistance of the ohmic layer by more than 40%. 

In some further embodiments, formation of the insulation 
filling member may include forming a silicon layer that at 
least partially fills an interior of the electrode, and introducing 
nitrogen into an upper portion of the silicon layer, in the 
interior of the electrode, to form a silicon nitride layer that 
serves as the insulation filling member. Alternatively, or addi 
tionally, an upper portion of the silicon layer formed in the 
interior of the electrode may be oxidized to form a silicon 
oxide layer that serves as the insulation filling member. 

In some further embodiments, before the insulation filling 
member is formed, a conductive filling member is formed that 
partially fills an interior of the electrode. The insulation filling 
member is then formed on the conductive filling member to 
further fill the interior of the electrode. 
Some other methods of fabricating an integrated circuit 

memory cell include forming a cup-shaped electrode on side 
walls of an opening in an insulation layer and forming the 
electrode through the opening on an ohmic layer that is 
stacked on a conductive structure. An upper portion of the 
electrode is formed from a different material having a greater 
resistivity than a lower portion of the electrode. An insulation 
filling member is formed that at least partially fills an interior 
of the lower electrode. A variable resistivity material is 
formed on the insulation filling member and electrically con 
nected to the electrode. 
Some other methods of fabricating an integrated circuit 

memory cell include: forming an ohmic layer on a conductive 
structure; forming an insulation layer with an opening that 
exposes the ohmic layer; forming a cup-shaped electrode on 
sidewalls of the opening and on the exposed ohmic layer; 
forming a silicon filling member that at least partially fills an 
interior of the electrode; and forming a variable resistivity 
material on the insulation filling member and electrically 
connected to the electrode. 

Some other embodiments of the present invention are 
directed to integrated circuit memory cells. In some embodi 
ments thereof, an integrated circuit memory cell includes: a 
Substrate; a conductive structure on the Substrate; an ohmic 
layer on the conductive structure; an insulation layer with an 
opening that exposes the ohmic layer, a cup-shaped electrode 
on sidewalls of the opening and on the ohmic layer; a poly 
silicon layer that partially fills an interior of the electrode; an 
insulation filling member on the polysilicon layer that further 
fills an interior of the electrode; and a variable resistivity 
material on the insulation layer and the insulation filling 
member and electrically connected to the electrode. 
Some other integrated circuit memory cells, include: a 

Substrate; a conductive structure on the Substrate; an ohmic 
layer on the conductive structure; an insulation layer with an 
opening that exposes the ohmic layer, a cup-shaped electrode 
on sidewalls of the opening and on the ohmic layer, where an 
upper portion of the electrode includes a different material 
having a greater resistivity than a lower portion of the elec 
trode; an insulation filling member that at least partially fills 
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4 
an interior of the electrode; and a variable resistivity material 
on the insulation filling member and electrically connected to 
the electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention will become readily apparent by reference to the 
following detailed description when considered in conjunc 
tion with the accompanying drawings wherein: 

FIGS. 1A-H are cross-sectional views illustrating a con 
ventional method of manufacturing a phase changeable 
memory device. 

FIG. 2A is an electron microscope picture of an ohmic 
layer that has been damaged during fabrication of a phase 
changeable memory device using the conventional process of 
FIGS 1A-H. 

FIG. 2B is an electron microscope picture of an ohmic 
layer that has been damaged during fabrication of a sidewall 
spacer using the conventional processes of FIGS. 1C-D. 

FIG. 2C is an electron microscope picture of the ohmic 
layer of FIG. 2B that has been further damage during fabri 
cation of a filling member using the conventional processes of 
FIGS 1F-G. 

FIG. 3 is a cross sectional view illustrating an integrated 
circuit memory cell that is configured in accordance with 
Some embodiments of the present invention. 

FIG. 4 is a cross-sectional view illustrating an integrated 
circuit memory cell that is configured in accordance with 
some other embodiments of the present invention. 
FIGS.5A-O are cross-sectional views illustrating methods 

of fabricating integrated circuit memory cells in accordance 
with some embodiments of the present invention. 

FIGS. 6A-I are cross-sectional views illustrating methods 
of fabricating integrated circuit memory cells in accordance 
with some other embodiments of the present invention. 

FIG. 7 is a cross-sectional view illustrating a diode type 
PRAM device in accordance with some embodiments of the 
present invention. 

FIG. 8 is a cross-sectional view illustrating a diode type 
PRAM device in accordance with some other embodiments 
of the present invention. 

FIG.9 is a cross-sectional view illustrating a transistor type 
PRAM device in accordance with some embodiments of the 
present invention. 

FIG. 10 is a cross-sectional view illustrating a transistor 
type PRAM device in accordance with some other embodi 
ments of the present invention. 

FIGS. 11A-U are cross-sectional views illustrating meth 
ods of fabricating diode type PRAM devices in accordance 
with some embodiments of the present invention. 

FIGS. 12A-I are cross-sectional views illustrating methods 
of fabricating diode type PRAM devices in accordance with 
Some embodiments of the present invention. 

FIGS. 13 A-T are cross-sectional views illustrating meth 
ods of fabricating transistor type PRAM devices in accor 
dance with some embodiments of the present invention. 

FIG. 14 is a cross-sectional view of a cup-shaped electrode 
having first and second filling members that fill an interior of 
the electrode in accordance with some embodiments of the 
present invention. 

FIG. 15 is a cross-sectional view of a cup-shaped electrode 
with different resistivity materials in upper and lower por 
tions thereof, and an interior of the electrode that is filled with 
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first and second filling members in accordance with some 
embodiments of the present invention. 

DETAILED DESCRIPTION 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which exemplary embodiments of the invention are illus 
trated. The invention may, however, be embodied in different 
forms and should not be construed as limited to the embodi 
ments set fourth herein. Rather, these embodiments are pro 
vided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those 
skilled in the art. 

It will be understood that when an element or layer is 
referred to as being “on.” “connected to' and/or “coupled to 
another element or layer, the element or layer may be directly 
on, connected and/or coupled to the other element or layer, or 
intervening elements or layers may be present. In contrast, 
when an element is referred to as being “directly on.” 
“directly connected to and/or “directly coupled to another 
element or layer, no intervening elements or layers are 
present. As used herein, the term “and/or includes any and all 
combinations of one or more of the associated listed items. 

It will also be understood that, although the terms “first.” 
“second, etc., may be used herein to describe various ele 
ments, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections should 
not be limited by these terms. Rather, these terms are used 
merely as a convenience to distinguish one element, compo 
nent, region, layer and/or section from another element, com 
ponent, region, layer and/or section. For example, a first ele 
ment, component, region, layer and/or section could be 
termed a second element, component, region, layer and/or 
section without departing from the teachings of the present 
invention. 

Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above,” “upper,” “top,” “bottom' and the like, may 
be used to describe an element and/or feature's relationship to 
another element(s) and/or feature(s) as, for example, illus 
trated in the figures. It will be understood that the spatially 
relative terms are intended to encompass different orienta 
tions of the device in use and/or operation in addition to the 
orientation depicted in the figures. For example, when the 
device in the figures is turned over, elements described as 
below and/or beneath other elements or features would then 
be oriented above the other elements or features. The device 
may be otherwise oriented (rotated 90 degrees or at other 
orientations) and the spatially relative descriptors used herein 
interpreted accordingly. As used herein, “height” refers to a 
direction that is generally orthogonal to the faces of a Sub 
Strate. 

The terminology used herein is for the purpose of describ 
ing particular embodiments only and is not intended to limit 
of the invention. As used herein, the singular terms “a” “an 
and “the are intended to include the plural forms as well, 
unless the context clearly indicates otherwise. It will be fur 
ther understood that the terms “comprise.” “comprising.” 
“includes.” “including,” “have”, “having and variants 
thereof specify the presence of stated features, integers, steps, 
operations, elements, and/or components, but do not preclude 
the presence and/or addition of one or more other features, 
integers, steps, operations, elements, components, and/or 
groups thereof. 

Embodiments of the present invention may be described 
with reference to cross-sectional illustrations, which are 
schematic illustrations of idealized embodiments of the 
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present invention. As such, variations from the shapes of the 
illustrations, as a result, for example, of manufacturing tech 
niques and/or tolerances, are to be expected. Thus, embodi 
ments of the present invention should not be construed as 
limited to the particular shapes of regions illustrated herein, 
but are to include deviations in shapes that result from, e.g., 
manufacturing. For example, a region illustrated as a rect 
angle may have rounded or curved features. Thus, the regions 
illustrated in the figures are schematic in nature and are not 
intended to limit the scope of the present invention. Like 
reference numerals refer to like elements throughout. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
Some embodiments of the invention may arise from a 

discovery that, in the conventional processes for fabricating 
the phase changeable memory device described above for 
FIGS. 1A-H, the high temperatures that are used when form 
ing the filling member 170 and that are used when forming the 
sidewall spacer 155 in the opening 117 can damage the ohmic 
layer 149. Such as by Substantially degrading its thickness. 
The damage to the ohmic layer 149 can result in a 40% change 
in its resistance, which can result in degraded operational 
characteristics of the memory cells. 

FIG. 2A is an electron microscope picture of an ohmic 
layer that has been damaged during fabrication of a phase 
changeable memory device using the conventional processes 
described above for FIGS. 1A-H. Referring to FIG. 2A, it is 
observed that the ohmic layer exhibits degraded thickness, 
and associated degraded electrical characteristics, in the 
regions labeled 'A' due to the conventional processes that 
were used to fabricate a filling member (e.g., filling member 
170) and a sidewall spacer (e.g., spacer 155). FIG. 2B is 
another electron microscope picture of an ohmic layer that 
exhibits a degraded thickness in regions “B” caused by con 
ventional processes for forming a sidewall spacer, Such as the 
conventional processes described above for forming the spac 
ers 155 in FIGS. 1C-D. FIG. 2C is another electron micro 
scope picture of the ohmic layer of FIG. 2B that exhibits 
further damage in regions “C” caused during conventional 
processes for forming a filling member, such as the conven 
tional processes described above for forming the filling mem 
ber 170 in FIGS.1F-G. It is observed that the thickness of the 
ohmic layer is degraded much more during formation of the 
filling member than during formation of the sidewall spacers. 

In sharp contrast, various embodiments of the present 
invention form a filling member while reducing/avoiding 
degradation of the thickness of an ohmic layer. More particu 
larly, in accordance with some embodiments, an insulation 
filling member is formed in an interior of a cup-shaped elec 
trode within a range of temperatures that is sufficiently low to 
not substantially change resistance of the ohmic layer. As 
used herein a cup-shaped electrode can have any cross-sec 
tional shape with a recessed central portion. Such cross 
section shapes of the electrode can include, but are not limited 
to, circular, oval, square, rectangular, combinations of arcuate 
and straight extending cross-section outlines, and/or irregular 
cross-sectional outlines. 

FIG. 3 is a cross sectional view illustrating an integrated 
circuit memory cell that is configured in accordance with 
some embodiments of the present invention. Referring to 
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FIG. 3, the memory cell includes a substrate 200 with an 
impurity region 205. A first insulation layer 212 is on the 
substrate 200. A vertical diode 245 extends through at least a 
portion of the first insulation layer 212 and is electrically 
connected to the impurity region 205. The vertical diode 245 
includes a lower region 248 having a first impurity type and an 
upper region 246 having an opposite second impurity type. 
An ohmic layer 249 is electrically connected to, and may be 
directly on, an upper surface of the vertical diode 245. 
A second insulation layer 222 is on the first insulation layer 

212 and has an opening that is Substantially aligned with the 
ohmic layer 249. Spacers 255 extend along sidewalls of the 
opening in the second insulation layer 222. A cup-shaped 
lower electrode 265 is on the spacers 255 along sidewalls of 
the opening and on the ohmic layer 249. Although first and 
second insulation layers 212 and 222 have been shown, it is to 
be understood that a single insulation layer or more than two 
insulation layers may alternatively be used. 
A filling member 277 fills an interior 269 of the lower 

electrode 265. The filling member 277 is formed within a 
range of temperatures that is sufficiently low to not Substan 
tially change resistance of the ohmic layer 249. The filling 
member 277 may be formed within a range of temperatures 
that is sufficiently low so that resistance of the ohmic layer 
249 does not change more than 40% relative to before and 
after the filling member 277 is formed. In some embodiments, 
the filling member 277 is formed attemperatures that are less 
than a temperature at which the ohmic layer 249 becomes 
oxidized. In some further embodiments, the filling member 
277 is formed at temperatures that are less than 630°C., and 
may beformed within a range oftemperatures that is between 
about 460° C. and 560° C. 

The filling member 277 can include a first filling member 
277a that partially fills the interior 269 of the lower electrode 
265, and a second filling member 277b that at least partially 
further fills, and may completely fill the remaining portion of 
the interior 269 of the lower electrode 265. The first filling 
member 277a may be silicon, such as a doped silicon or 
undoped silicon, which can be formed within a range of 
temperatures between about 460° C. and 560°C. The second 
filling member 277b may include silicon nitride and/or sili 
con oxide. As will be explained below with regard to FIGS. 
5L-N, the second filling member 277b may be formed by 
oxidizing an upper portion of the first filling member 277a, 
introducing nitrogen into an upper portion of the first filling 
member 277a, and/or by depositing the second filling mem 
ber 277b on the first filling member 277a. 
A variable resistivity material layer 280 is on an upper 

surface of the second insulation layer 222, the spacers 255, 
the second filling member 277b, and is electrically connected 
to the lower electrode 265. The variable resistivity material 
layer 280 may include a phase changeable material such as a 
chalcogenide material that includes, for example, germanium 
(Ge), antimony (Sb), and/or tellurium (Te). An upper elec 
trode 290 is formed on the variable resistivity material layer 
280. 

With continuing reference to FIG.3, it is observed that the 
bottom surface of the cup-shaped lower electrode 265 con 
tacts the ohmic layer 249 and the upper surfaces of sidewalls 
of the cup-shaped lower electrode 265 contact the variable 
resistivity material layer 280. Consequently, the lower elec 
trode 265 has a larger electrical contact area to the ohmic 
layer 249, and the lower electrode 265 has a relatively much 
smaller electrical contact area to the variable resistivity mate 
rial layer 280, which may provide improved operational char 
acteristics for the integrated circuit memory cell. 
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FIG. 14 illustrates an enlarged cross-sectional view of a 

similarly configured cup-shaped electrode 765 having a 
stacked first filling member 777a and second filling member 
777b that fill an interior Surface 769 of the electrode 765 in 
accordance with some embodiments of the present invention. 

FIG. 4 is a cross-sectional view illustrating an integrated 
circuit memory cell that is configured in accordance with 
some other embodiments of the present invention. The 
memory cell of FIG. 4 contains the same elements as the 
memory cell of FIG. 3, except that the cup-shaped lower 
electrode is configured differently, as will be described below. 

Referring to FIG. 4, a cup-shaped lower electrode 267 is 
electrically connected between the ohmic layer 249 and the 
variable resistivity material layer 280, and extends alongside 
walls of the spacers 255. The lower electrode 267 is at least 
partially filled with the first and second filling members 277a 
and 277b. 
An upper portion 267b of the lower electrode 267 has a 

greater resistivity than a material of a lower portion 267a of 
the lower electrode 267. Nitrogen may be introduced into the 
upper portion 267b of the lower electrode 267 to increase its 
resistivity relative to the lower portion 267a. For example, the 
lower portion 267 a may include a metal, and the upper por 
tion 267b may include a metal nitride. The nitrogen may be 
introduced into the upper portion 267 a through a plasma 
nitridation process. Alternatively or additionally, the upper 
portion 267b may be deposited on the lower portion 267a 
from a material that has a greater resistivity than a material of 
the lower portion 267a. 

Because the upper portion 267b has a greater resistivity 
than the lower portion 267a of the lower electrode 267, the 
resistance at the interface between the lower electrode 267 
and the ohmic layer 249 can be much less than the resistance 
at the interface between the lower electrode 267 and the 
variable resistivity material layer 280, which may provide 
improved operational characteristics for the integrated circuit 
memory cell. 

FIG. 15 illustrates an enlarged cross-sectional view of a 
similarly configured cup-shaped electrode 767 with a lower 
portion 767a thereof having a lower resistivity than an upper 
portion 767b thereof. A stacked first filling member 777a and 
second filling member 777b fill an interior of the electrode 
T67. 
FIGS.5A-O are cross-sectional views illustrating methods 

of fabricating integrated circuit memory cells, such as the 
integrated circuit memory cell of FIG. 4, in accordance with 
Some embodiments of the present invention. 

Referring to FIGS.5A-B, an impurity region 205 is formed 
by implanting impurity ions into the semiconductor Substrate 
200. A first insulation layer 210 is formed on the substrate 200 
and the impurity region 205. A second insulation layer 220 is 
formed on the first insulation layer 210. The first and second 
insulation layers 210 and 220 may be formed from silicon 
oxide and/or silicon nitride. Although first and second insu 
lation layers 210 and 220 have been shown, it is to be under 
stood that a single insulation layer or more than two insulation 
layers may alternatively be used. 

Referring to FIGS. 5C-D, the first and second insulation 
layers 210 and 220 are patterned to forman opening 215 that 
exposes at least a portion of the impurity region 205, and 
results in patterned first and second insulation layers 212 and 
222. For example, a mask may be formed on the second 
insulation layer 220 to define a location for the opening 215, 
and the opening 215 may be etched through the first and 
second insulation layers 210 and 220 using the mask. A 
silicon layer 240 is formed to at least partially fill the opening 
215, such as by a selective epitaxial growth (SEG) process 
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that uses the exposed impurity region 205 as a seed layer 
and/or by depositing the silicon layer 240 in the opening 215. 

Referring to FIGS.5E-F, the silicon layer 240 is recessed in 
the opening 215. Such as by etching-back the silicon layer 
240, to form a recessed silicon layer 242 and an opening 217 
that exposes an upper Surface of the recessed silicon layer 
242. A vertical cell diode 245 is formed in the recessed silicon 
layer 242 by implanting or otherwise providing first conduc 
tivity type impurity ions (e.g., n-type ions) in a lower region 
248 of the recessed silicon layer 242, and implanting or 
otherwise providing second conductivity type impurity ions 
(e.g., p-type ions), which are opposite to the first conductivity 
type impurity ions, in an upper region 246 of the recessed 
silicon layer 242. 

Referring to FIG. 5G, an ohmic layer 249 is formed 
through the opening 217 on the exposed upper Surface of the 
diode 245. The ohmic layer 249 may be formed as a metal 
silicide. Such as by depositing or otherwise forming titanium 
(Ti), titanium nitride (TiN), cobalt (Co) on the exposed upper 
surface of the diode 245 at a temperature of for example, 
460° C. 

Referring to FIGS. 5H-I, an insulation spacer layer 250 is 
formed on sidewalls of the opening 217 and on the ohmic 
layer 249. The spacer layer 250 may be formed by depositing 
silicon nitride at a temperature of for example, at least 630° 
C. Spacers 252 are formed alongsidewalls of the opening 217 
by planarizing the spacer layer 250 to expose upper Surfaces 
of the second insulation layer 222, and by removing a portion 
of the spacer layer 250, such as by anisotropically etching it, 
to expose a central portion of the ohmic layer 249. Accord 
ingly, the spacers 252 extend from a peripheral portion of the 
ohmic layer 249 along at least a portion of the sidewalls of the 
opening 217. 

Referring to FIGS. 5J-L, a lower electrode layer 260 is 
formed on the upper Surfaces of the second insulation layer 
222 and through the opening 217 onto sidewalls of the spacers 
252 and the exposed central portion of the ohmic layer 249. 
Accordingly, the lower electrode layer 260 extends across the 
exposed portion of the ohmic layer 249 and extends upward 
along a least a portion of the sidewalls of the spacers 252 to 
form a cup shape. An interior of the lower electrode layer 260 
in the opening 217 is filled, or at least partially filled, by a 
filling layer 270. The filling layer 270 may be formed from 
doped or undoped polysilicon. 
The filling layer 270 may be formed within a range of 

temperatures that is sufficiently low to not substantially 
change resistance of the ohmic layer 249. For example, the 
filling layer 270 may be formed within a range of tempera 
tures that is sufficiently low so that resistance of the ohmic 
layer 249 does not change more than 40% relative to before 
and after the filling layer 270 is formed. In some embodi 
ments, the filling layer 207 is formed attemperatures that are 
less than a temperature at which the ohmic layer 249 becomes 
oxidized. In some further embodiments, the filling layer 275 
is formed attemperatures that are less than 630°C., and may 
be formed within a range of temperatures that is between 
about 460° C. and 560° C. 

The filling layer 270 and the lower electrode layer 260 are 
planarized to expose upper Surfaces of the second insulation 
layer 222 and to form therefrom a filling member 275 and a 
cup-shaped lower electrode 265. The upper surfaces of the 
second insulation layer 222 may be recessed during forma 
tion of the filling member 275 and the cup-shaped lower 
electrode 265. 

Referring to FIG.5M, further processes are carried out to 
modify the filling member 275 to form a modified filling 
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member 277 having an electrically insulating upper portion 
277b and a conductive lower portion 277a. 

In Some embodiments, nitrogen is introduced into the 
upper portion 277b of the filling member 277 through, for 
example, a plasma nitridation process, to form a silicon 
nitride insulator therein. During the plasma nitridation pro 
cess, nitrogen may also be introduced into an upperportion of 
the lower electrode 265. Accordingly, when the lower elec 
trode 265 includes a metal, such as titanium (Ti), the plasma 
nitridation process may form a metal nitride, such as titanium 
nitride (TiN), in an upper portion of the lower electrode 265. 
At least some of the nitrogen introduced into the lower elec 
trode 265 by the plasma nitridation process may be removed 
through, for example, an argon (Ar) sputtering process. 

In some other embodiments, the upper portion 277b of the 
filling member 275 is oxidized to form a silicon oxide insu 
lator therein. During the oxidation process, an upper portion 
of the lower electrode 265 may also be oxidized. Accordingly, 
when the lower electrode 265 includes a metal, such as tita 
nium (Ti), the oxidation process may form a metal oxide, Such 
as titanium oxide (TiOx), in an upper portion of the lower 
electrode 265. At least some of the oxide may be removed 
from the lower electrode 265 through, for example, an argon 
(Ar) sputtering process. 

In yet some other embodiments, the filling member 275 
may be recessed while leaving the conductive lower portion 
277a shown in FIG.5M. The insulating upper portion 277b 
may then be deposited on the conductive lower portion 277a 
to further fill, or completely fill, an interior of the lower 
electrode 265. For example, an insulation layer may be 
formed on upper Surfaces of the second insulation layer 222 
and filling an interior of the lower electrode 265 on the con 
ductive lower portion 277a. The insulation layer may include, 
for example, silicon oxide and/or silicon nitride. The insula 
tion layer may then be planarized to expose upper Surfaces of 
the second insulation layer 222 and upper Surfaces of the 
lower electrode 265. 

Referring to FIG.5N, the lower electrode 277 is formed so 
that an upper portion 267b thereof has a greater resistivity 
than a lower portion 267a thereof. In some embodiments, 
nitrogen is introduced into the upper portion 267b of the 
lower electrode 267 to increase resistivity of the upperportion 
267b relative to the lower portion 267a. Accordingly, when 
the lower electrode 265 includes a metal, the upper portion 
267b may be formed as a metal nitride. The nitrification 
process may be the same as that carried out to introduce 
nitrogen into the upper portion 277b of the filling member 
277, or may be an additional nitrification process. 

In some other embodiments, an upper portion of the lower 
electrode 265 of FIG.5M may be removed, such as by etch 
ing, while leaving the lower portion 267a shown in FIG. 5.N. 
The upper portion 267b of the lower electrode 267 may then 
beformed by depositing a material on the lower portion 267a 
that has a greater resistivity than the material of the lower 
portion 267a. 

Referring to FIG. 5O, a variable resistivity material layer 
280 is formed on an upper surface of the second insulation 
layer 222, the spacers 255, an upper surface of the second 
filling member 277b, and is electrically connected to the 
upper portion 267b of the lower electrode 267. The variable 
resistivity material layer 280 may include a phase changeable 
material Such as a chalcogenide material that includes, for 
example, germanium (Ge), antimony (Sb), and/or tellurium 
(Te). An upper electrode 290 is formed on the variable resis 
tivity material layer 280. 

Because the upper portion 267b of the lower electrode 267 
has a greater resistivity than the lower portion 267a of the 
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lower electrode 267, the resistance at the interface between 
the lower electrode 267 and the ohmic layer 249 can be much 
less than the resistance at the interface between the lower 
electrode 267 and the variable resistivity material layer 280, 
which may provide improved operational characteristics for 
the integrated circuit memory cell. 

FIGS. 6A-I are cross-sectional views illustrating methods 
of fabricating integrated circuit memory cells in accordance 
with some other embodiments of the present invention. FIGS. 
6A-I contain similar structural elements to those shown in 
FIGS. 5A-G, which are referenced by the same numbers. As 
will be explained below, in contrast to FIGS. 5B-C where the 
diode 245 and the ohmic layer 249 are formed in the opening 
215 through the first and second insulation layers 210 and 
220, in FIGS. 6B-I, the diode 245 and the ohmic layer 249 are 
formed in the opening in a patterned first insulation layer 212 
before the second insulation layer 220 is formed thereon with 
an opening 217 that exposes the ohmic layer 249. 

Referring to FIGS. 6A-C, an impurity region 205 is formed 
by implanting impurity ions into a semiconductor Substrate 
200. A first insulation layer 210 is formed on the substrate 200 
and the impurity region 205. Such as by depositing or other 
wise forming a silicon oxide layer and/or a silicon nitride 
layer. The first insulation layer 210 is patterned to form a 
patterned first insulation layer 212 having an opening 213 that 
exposes at least a portion of the impurity region 205. For 
example, a mask may be formed on the first insulation layer 
210 to define a location for the opening 213, and the opening 
213 may be etched through the first insulation layer 210 using 
the mask. 

Referring to FIG. 6D, a silicon layer 241 is formed to at 
least partially fill the opening 213. The silicon layer 241 may 
beformed by a selective epitaxial growth (SEG) process that 
uses the exposed impurity region 205 as a seed layer and/or by 
depositing the silicon layer 241 in the opening 215. 

Referring to FIG. 6E, the silicon layer 241 is planarized to 
expose upper Surfaces of the patterned first insulation layer 
212 and to form a silicon layer 242. 

Referring to FIGS. 6F-G, a vertical cell diode 245 is 
formed in the silicon layer 242 by implanting or otherwise 
providing first conductivity type impurity ions (e.g., n-type 
ions) in a lower region 248 of the diode 245, and implanting 
or otherwise providing second conductivity type impurity 
ions (e.g., p-type ions), which are opposite to the first con 
ductivity type impurity ions, in an upper region 246 of the 
diode 245. An ohmic layer 249 is formed on the upper region 
246 of the diode 245. An upper surface of the upper region 
246 may be recessed below the upper surfaces of the pat 
terned first insulation layer 212 before the ohmic layer 249 is 
formed thereon. The ohmic layer 249 may be formed from a 
metal silicide. Such as by depositing titanium (Ti), titanium 
nitride (TiN), and/or cobalt (Co) on the exposed upper surface 
of the diode 245 at a temperature of for example, 460° C. 

Referring to FIGS. 6H-I, a second insulation layer 220 is 
formed on the patterned first insulation layer 212 and on the 
ohmic layer 249. Such as by depositing or otherwise forming 
a silicon oxide layer and/or a silicon nitride layer. The second 
insulation layer 220 is patterned to form a patterned second 
insulation layer 222 having an opening 217 that exposes at 
least a portion of the ohmic layer 249. 

The methods described above with regard to FIGS. 5H-U 
may then be carried out on the structure of FIG. 61 to fabricate 
an integrated circuit memory cell in accordance with some 
embodiments of the present invention. 

FIG. 7 is a cross-sectional view illustrating a diode type 
PRAM device, which may include the memory cell of FIG.4, 
in accordance with some embodiments of the present inven 
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12 
tion. Referring to FIG. 7, the diode type PRAM device 
includes impurity regions region 305 formed by implanting 
impurity ions into a semiconductor substrate 300. A first 
insulation layer 312 is on the substrate 300. Vertical diodes 
345 extend through at least a portion of the first insulation 
layer 312 and are electrically connected to the impurity 
regions 305. The vertical diodes 345 each include a lower 
region 348 having a first impurity type and an upper region 
346 having an opposite second impurity type. Ohmic layers 
349 are electrically connected to, and may be directly on, an 
upper surface of the vertical diodes 345. 
A second insulation layer322 is on the first insulation layer 

312 and has an opening that is Substantially aligned with the 
ohmic layer 349. Spacers 355 extend along sidewalls of the 
opening in the second insulation layer 322. A cup-shaped 
lower electrode 365 extends across a portion of the ohmic 
layer 349 and upward along the spacers 355. 
A filling member 377 fills an interior 369 of the lower 

electrode 365. The filling member 377 is formed within a 
range of temperatures that is sufficiently low to not substan 
tially change resistance of the ohmic layer 349. The filling 
member 377 may be formed within a range of temperatures 
that is sufficiently low so that resistance of the ohmic layer 
349 does not change more than 40% relative to before and 
after the filling member 377 is formed. In some embodiments, 
the filling member 377 is formed at temperatures less than a 
temperature at which the ohmic layer 349 becomes oxidized. 
In some further embodiments, the filling member 377 is 
formed attemperatures that are less than 630°C., and may be 
formed within a range oftemperatures between about 460° C. 
and 560° C. 
The filling member 377 can include a first filling member 

377a that partially fills the interior 369 of the lower electrode 
365, and a second filling member 377b that at least partially 
further fills, and may completely fill the remaining portion of 
the interior 369 of the lower electrode 365. The first and 
second filling members 377a and 377b may be formed as 
described above for the filling members 277a and 277b, the 
description of which is incorporated herein. 

Variable resistivity material layers 380 are on an upper 
surface of the second insulation layer 322, the spacers 355, an 
upper surface of the second filling member 377b, and is 
electrically connected to the lower electrode 365. The vari 
able resistivity material layers 380 may include a phase 
changeable material Such as a chalcogenide material that 
includes, for example, germanium (Ge), antimony (Sb), and/ 
or tellurium (Te). Upper electrodes 390 are formed on the 
variable resistivity material layers 380. A third insulation 
layer 402 is formed on the resultant structure. 

Conductive contacts 410 extend through the third insula 
tion layer 402 to contact the upper electrodes 390. Conductive 
lines 420, such as bit lines, are formed on the conductive 
contacts 410. A fourth insulation layer 432 extends across the 
third insulation layer 402 and the conductive bit lines 420. 
A conductive contact 440 extends through the first insula 

tion layer 312, the second insulation layer 322, the third 
insulation layer 402, and the fourth insulation layer 432 to 
contact the substrate 300. A conductive line 450, such as a 
word line, is on the conductive contact 440. 
The first insulation layer 312, the second insulation layer 

322, the third insulation layer 402, and the fourth insulation 
layer 432 may include silicon oxide and/or silicon nitride. 
Although four insulation layers 312,322, 402, and 432 have 
been shown, it is to be understood that any number of insu 
lation layers may alternatively be used. 

FIG. 8 is a cross-sectional view illustrating a diode type 
PRAM device in accordance with some other embodiments 
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of the present invention. The diode type PRAM device of 
FIG. 8 differs from the diode type PRAM device of FIG. 7 in 
that the lower electrode 367 may have a structure correspond 
ing to that described with regard to the lower electrode 267 of 
FIG. 4 and may beformed using one or more of the processes 
described with regard to FIG. 5.N. Accordingly, the lower 
electrode 367 includes a lower portion 367a and an upper 
portion 367b, with the upper portion 367b having a material 
with a greater resistivity than a material of the lower portion 
367a. 

FIG.9 is a cross-sectional view illustrating a transistor type 
PRAM device in accordance with some embodiments of the 
present invention. The transistor type PRAM device of FIG.9 
includes a variable resistivity material layer that is electrically 
connected to, a terminal of a transistor. With reference to FIG. 
9, the transistor type PRAM device includes source and drain 
regions, 505 and 507, between isolation regions 502 in a 
substrate 500. Floating gates 510 are on channel regions in the 
substrate 500 between the source and drain regions, 505 and 
507. The floating gates 510 may each include a capping layer 
516, a gate514, and a tunneling insulation layer 512. Sidewall 
spacers 518 are between sidewalls of the floating gates 510 
and a first insulation layer 522. The first insulation layer 522 
is on and extends across the isolation regions 502, the Source 
and drain regions, 505 and 507, and the floating gates 510. 

Conductive contacts 532 extend through openings 525 in 
the first insulation layer 522 to contact one type of the source 
and drain regions, 505 and 507. Contact pads 542 are on the 
contacts 532 and an upper surface of the first insulation layer 
522. Another conductive contact 534 extends through an 
opening 527 in the first insulation layer 522 to contact another 
type of the source and drain regions, 505 and 507. A conduc 
tive line 544 is formed on the conductive contact 534. 

A second insulation layer 552 is on and extends across the 
first insulation layer 522, the conductive pads 542, and the 
conductive line 544. A third insulation layer 562 is on the 
second insulation layer 552. Openings 565 extend through the 
third insulation layer 562 and a portion of the second insula 
tion layer 550 to an upper surface of the contact pads 542. 
Ohmic layers 585 are electrically connected to, and may be 
directly on, an upper surface of the contact pads 542 in the 
openings 565. 

Spacers 595 extend from a peripheral region of the ohmic 
layers 585 along sidewalls of the opening 565. Cup-shaped 
lower electrodes 605 extend across an upper surface of the 
ohmic layers 585 and upward along the spacers 595. 

Filling members 617 at least partially fill an interior 609 of 
the lower electrodes 605. The filling members 617 are formed 
within a range of temperatures that is Sufficiently low to not 
substantially change resistance of the ohmic layers 585. The 
filling members 617 may be formed within a range of tem 
peratures that is sufficiently low so that resistance of the 
ohmic layers 585 does not change more than 40% relative to 
before and after the filling members 617 are formed. In some 
embodiments, the filling member 617 are formed attempera 
tures that are less than a temperature at which the ohmic layer 
585 becomes oxidized. In some further embodiments, the 
filling members 617 are formed attemperatures that are less 
than 630°C., and may be formed within a range of tempera 
tures between about 460° C. and 560° C. 

The filling members 617 can include a first filling member 
617a that partially fills the interior 609 of the lower electrodes 
605, and a second filling member 617b that at least partially 
further fills, and may completely further fill, the interior 609 
of the lower electrodes 605. The first and second filling mem 
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bers 617a and 617b may beformed as described above for the 
filling members 277a and 277b, the description of which is 
not repeated for brevity. 

Variable resistivity material layers 620 are on an upper 
surface of the third insulation layer 562, the spacers 595, an 
upper surface of the second filling member 617b, and are 
electrically connected to the lower electrode 605. The vari 
able resistivity material layers 620 may include a phase 
changeable material Such as a chalcogenide material that 
includes, for example, germanium (Ge), antimony (Sb), and/ 
or tellurium (Te). Upper electrodes 630 are formed on the 
variable resistivity material layers 620. A fourth insulation 
layer server 42 is on and extends across the third insulation 
layer 562 and the upper electrodes 630. Although four insu 
lation layers 522,552, 562, and 642 have been shown, it is to 
be understood that any number of insulation layers may alter 
natively be used. 

Conductive contacts 650 extend through openings 645 in 
the fourth insulation layer of 642 to contact the upper elec 
trodes 630. A conductive line 660 is formed on the conductive 
contacts 650. 

FIG. 10 is a cross-sectional view illustrating a transistor 
type PRAM device in accordance with some other embodi 
ments of the present invention. The transistor type PRAM 
device of FIG. 10 differs from the transistor type PRAM 
device of FIG. 9 in that the lower electrode 607 may have a 
structure corresponding to that described above with regard to 
the lower electrode 267 of FIG. 4, and may be formed using 
one or more the processes described above with regard to 
FIG. 5.N. Accordingly, the lower electrode 607 includes a 
lower portion 607a and an upper portion 607b, with the upper 
portion 607b having a greater resistivity than the lower por 
tion 607a. 

FIGS. 11A-U are cross-sectional views illustrating meth 
ods of fabricating diode type PRAM devices in accordance 
with some embodiments of the present invention. 
The methods and resulting structures shown in FIGS. 

11A-O are the same as those shown in FIGS.5A-O, with the 
exception that in FIGS. 11A-O two devices shown in FIGS. 
5A-O are fabricated. Accordingly, the structural elements of 
FIGS. 11A-O are referenced using a '3” hundredths value 
and the same tenths and ones values as those shown in FIGS. 
5A-O. For example, the semiconductor substrate 300 in 
FIGS. 11A-O is configured the same as the semiconductor 
substrate 200 in FIGS. 5A-O. Accordingly, the description 
provided above for FIGS. 5A-O is incorporated herein as a 
description of the structure and methods of FIGS. 11A-O, and 
is not repeated for brevity. 

Referring to FIG. 11P, a third insulation layer 402 is formed 
on and extends across the second insulation layer 322, the 
upper electrode 390, and the variable resistivity material layer 
380. Openings 405 are defined in the third insulation layer 
402 which expose at least a portion of the upper electrode 390. 

Referring to FIG. 11O-R, conductive contacts 410 extend 
through the third insulation layer 402 to contact the upper 
electrodes 390. Conductive lines 420, such as bit lines, are 
formed on the conductive contacts 410 and the third insula 
tion layer 402. 

Referring to FIGS. 11S-T, a fourth insulation layer 432 is 
formed on the resultant structure of FIG. 11R. An opening 
435 is formed through the fourth insulation layer 432, the 
third insulation layer 402, the second insulation layer 322. 
and the first insulation layer 312 to expose an active region of 
the substrate 300. A conductive contact 440 is formed that 
extends through the opening 435 to contact the active region 
of the Substrate 300. 
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Referring to FIG. 11U, a conductive line 450, such as a 
word line, is formed on the fourth insulation layer 432 and the 
conductive contact 440. 

FIGS. 12A-I are cross-sectional views illustrating methods 
of fabricating diode type PRAM devices in accordance with 
Some embodiments of the present invention. 

FIGS. 12A-I contain similar structural elements to those 
shown in FIGS. 11A-G. As will be explained below, in con 
trast to FIGS. 11D-G where the diode 345 and the ohmic layer 
349 are formed in the opening 317 through the first and 
second insulation layers 312 and 322, in FIGS. 12D-H, the 
diode 345 and the ohmic layer 349 are formed in an opening 
313 in a first insulation layer 312 before the second insulation 
layer 320 is formed thereon. 

Referring to FIGS. 12A-C, impurity regions 205 are 
formed by implanting impurity ions into a semiconductor 
substrate 300. A first insulation layer 310 is formed on the 
substrate 300 and the impurity regions 305. The first insula 
tion layer 310 is patterned to form a first insulation layer 312 
having openings 313 that expose at least a portion of the 
impurity regions 305. For example, a mask may beformed on 
the first insulation layer 310 to define a location for the open 
ing 313, and the first insulation layer 310 may be etched using 
the mask. 

Referring to FIG. 12D, a silicon layer 341 is formed that at 
least partially fills the openings 313, such as by a selective 
epitaxial growth (SEG) process that uses the exposed impu 
rity regions 305 as a seed layer and/or by depositing the 
silicon layer 341 in the opening 313. 

Referring to FIG.12E, the silicon layer341 is planarized to 
expose upper Surfaces of the patterned first insulation layer 
312 and form a silicon layer 342. 

Referring to FIGS. 12F-G, a vertical cell diode 345 is 
formed in the silicon layer 342 by implanting or otherwise 
providing first conductivity type impurity ions (e.g., n-type 
ions) in a lower region 348 of the silicon layer 342, and 
implanting or otherwise providing second conductivity type 
impurity ions (e.g., p-type ions), which are opposite to the 
first conductivity type impurity ions, in an upper region346 of 
the silicon layer 342. 
An ohmic layer 349 is formed on the upper region 346. The 

upper region346 may be recessed below the upper surfaces of 
the patterned first insulation layer 312 before the ohmic layer 
349 is formed thereon. The ohmic layer349 may beformed as 
a metal silicide, such as by depositing titanium (Ti), titanium 
nitride (TiN), cobalt (Co) on the exposed upper surface of the 
diode 245 at a temperature of, for example, 460° C. 

Referring to FIGS. 12H-I, a second insulation layer 320 is 
formed on the first insulation layer 312 and on the ohmic layer 
349. The second insulation layer 320 is patterned to form a 
second insulation layer 322 having an opening 317 that 
exposes at least a portion of the ohmic layer 349. 
The methods described above with regard to FIGS. 11H-U 

may then be carried out on the structure of FIG. 12I to fabri 
cate diode type PRAM devices in accordance with some 
embodiments of the present invention. 

FIGS. 13 A-T are cross-sectional views illustrating meth 
ods of fabricating transistor type PRAM devices, such as the 
device that is shown in FIGS. 9 and 10, in accordance with 
Some embodiments of the present invention. 

Referring to FIGS. 13 A-B, isolation regions 502 are 
formed in a semiconductor substrate 500. Source and drain 
regions 505 and 507 are formed by implanting impurity ions 
in the substrate 500. Floating gates 510 are formed on channel 
regions, between the source and drain regions 505 and 507. 
The floating gates 510 are formed by depositing and pattern 
ing a tunnel insulation layer 512, a gate layer 514, and a 
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capping layer 516. Sidewall spacers 518 are formed on side 
walls of the floating gates 510. 

Referring to FIGS. 13C-D, a first insulation layer 520 is 
formed on the structure of FIG. 13B. Openings 525 and 527 
are formed through the first insulation layer 522 to expose the 
source and drain regions 505 and 507 of the substrate 500. 

Referring to FIG. 13E, conductive contacts 532 extend 
through the openings 525 to contact one type of the source 
and drain regions 505 and 507. Contact pads 542 are formed 
on the conductive contacts 532 and on the first insulation 
layer 522. A conductive contact 534 extends through the 
opening 527 to contact another type of the source and drain 
regions 505 and 507. A conductive line 544 is formed on the 
conductive contact 534 and on the first insulation layer 522. 

Referring to FIG. 13F, a second insulation layer 550 is 
formed on the structure of FIG. 13E. A third insulation layer 
560 is formed on the second insulation layer 550. 

Referring to FIGS. 13G-H, openings 565 are formed that 
extend through the third insulation layer 562 and a portion of 
the second insulation layer 552 to expose at least a portion of 
the contact pads 542. Ohmic layers 585 are formed through 
the openings 555 on an upper surface of the contact pads 542. 

Referring to FIGS. 131-J, a spacer layer 590 is formed on 
the third insulation layer 562, on sidewalls of the opening 
555, and on the exposed portion of the ohmic layers 585. The 
spacer layer 590 is planarized to expose upper surfaces of the 
third insulation layer 562 and is partially removed to expose 
at least a portion of the ohmic layers 585, thereby leaving 
spacers 592 extending from peripheral regions of the ohmic 
layers 585 along sidewalls of the opening 555. 

Referring to FIGS. 13K-L, a lower electrode layer 600 is 
formed on upper surfaces of the third insulation layerS62 and 
through the opening 555 on the spacers 592 and on the 
exposed portion of the ohmic layers 585. A filling member 
layer 610, which may include doped or undoped silicon, is 
formed on the lower electrode layer 600 to at least partially 
fill, and may completely fill, the openings 555. The filling 
member layer 610 is formed within a range of temperatures 
that is Sufficiently low to not Substantially change resistance 
of the ohmic layer 585. The filling member layer 610 may be 
formed within a range oftemperatures that is sufficiently low 
so that resistance of the ohmic layers 585 does not change 
more than 40% relative to before and after the filling member 
layer 610 is formed. In some embodiments, the filling mem 
ber layer 610 is formed at temperatures less than a tempera 
ture at which the ohmic layer 585 becomes oxidized. In some 
further embodiments, the filling member layer 610 is formed 
attemperatures that are less than 630°C., and may be formed 
within a range of temperatures between about 460° C. and 
5600 C. 

Referring to FIGS. 13M-N, the filling member layer 610, 
the lower electrode layer 600, and the third insulation layer 
562 are partially removed. Such as by etching, to cause an 
upper portion of the structure formed in the openings 555 
(including spacers 594, lower electrode 602, and filling mem 
ber 612) to project above an upper surface of the recessed 
third insulation layer 562. The structure projecting from the 
openings 555 is then planarized so that an upper surface of the 
spacers 595, the lower electrode 605, and the filling member 
615 are substantially aligned with an upper surface of the 
third insulation layer 562. 

Referring to FIG. 13O, in some embodiments, nitrogen is 
introduced into an upper portion 617b of the filling member 
615 through, for example, a plasma nitridation process, to 
form a silicon nitride insulator in the upper portion 617b. 
During the plasma nitridation process, nitrogen may also be 
introduced into an upper portion of the lower electrode 605. 
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Accordingly, when the lower electrode 605 includes a metal, 
Such as titanium (Ti), the plasmanitridation process may form 
a metal nitride, Such as titanium nitride (TiN), in an upper 
portion of the lower electrode 605. At least some of the 
nitrogen introduced into the lower electrode 605 by the 
plasma nitridation process may be removed through, for 
example, an argon (Ar) sputtering process. 

In some other embodiments, the upper portion 617b of the 
filling member 617 is oxidized to form a silicon oxide insu 
lator in the upper portion 617b. During the oxidation process, 
an upper portion of the lower electrode 605 may also be 
oxidized. Accordingly, when the lower electrode 605 
includes a metal. Such as titanium (Ti), the oxidation process 
may form a metal oxide, such as titanium oxide (TiOX), in an 
upper portion of the lower electrode 605. At least some of the 
oxide may be removed from the lower electrode 605 through, 
for example, an argon (Ar) sputtering process. 

Referring to FIG. 13P. further processes may be carried out 
on the lower electrode 605 to form a lower electrode 607 
having an upper portion 607b with a greater resistivity than a 
lower portion 607athereof. In some embodiments, nitrogenis 
introduced into the upper portion 607b of the lower electrode 
607 to increase resistivity of the upper portion 607b relative to 
the lower portion 607a. Accordingly, when the lower elec 
trode 607 includes a metal, the upper portion 607b may be 
formed as a metal nitride. The nitrification process may be the 
same as that carried out to introduce nitrogen into the upper 
portion 617b of the filling member 617, or may be an addi 
tional nitrification process. 

In some other embodiments, an upper portion of the lower 
electrode 607 of FIG. 13P may be removed, such as by etch 
ing, while leaving the lower portion 607a of FIG. 13P. The 
upper portion 607b may then be formed by depositing a 
material on the lower portion 607a that has a greater resistiv 
ity than the material of the lower portion 607a. 

Referring to FIG. 13O, a variable resistivity material layer 
and an upper electrode layer are formed on the third insulation 
layer 562, and are patterned to form a variable resistivity 
material 620 and upper electrodes 630 that are stacked on an 
upper surface of the third insulation layer 562, the spacers 
595, the upperportion 617b of the filling member 617, and the 
upper portion 607b of the lower electrode 607. The variable 
resistivity material layer may include a phase changeable 
material Such as a chalcogenide material that includes, for 
example, germanium (Ge), antimony (Sb), and/or tellurium 
(Te). 

Because the upper portion 607b has a greater resistivity 
than the lower portion 607a of the lower electrode 607, the 
resistance at the interface between the lower electrode 607 
and the ohmic layer 585 can be much less than the resistance 
at the interface between the lower electrode 607 and the 
variable resistivity material layer 620, which may provide 
improved operational characteristics for the integrated circuit 
memory cell. 

Referring to FIG. 13R, a fourth insulation layer 642 is 
formed on the structure of FIG. 13O. Openings 645 are 
formed in the fourth insulation layer 642 to expose at least a 
portion of the upper electrodes 630. 

Referring to FIGS. 13S-T, conductive contacts 650 are 
formed to extend through the openings 645 and contact the 
upper electrodes 630. A conductive line 660 is formed on the 
conductive contacts 650. 
The foregoing is illustrative of the present invention and is 

not to be construed as limiting thereof. Although a few 
embodiments of this invention have been described, those 
skilled in the art will readily appreciate that many modifica 
tions are possible in the embodiments without materially 
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departing from the novel teachings and advantages of this 
invention. Accordingly, all Such modifications are intended to 
be included within the scope of this invention as defined in the 
claims. In the claims, means-plus-function clauses are 
intended to cover the structures described herein as perform 
ing the recited function and not only structural equivalents but 
also equivalent structures. The invention is defined by the 
following claims, with equivalents of the claims to be 
included therein. 

What is claimed is: 
1. A method of fabricating an integrated circuit memory 

cell, comprising: 
forming a cup-shaped electrode on sidewalls of an opening 

in an insulation layer and through the opening onto an 
ohmic layer stacked on a conductive structure, wherein 
an upper portion of the electrode is formed from a dif 
ferent material having a greater resistivity than a lower 
portion of the electrode, the upper portion of the elec 
trode having a ring shape; 

forming an insulation filling member that at least partially 
fills an interior of the lower electrode; and 

forming a variable resistivity material on the insulation 
filling member and electrically connected to the ring 
shaped upper of the electrode, wherein the ring shaped 
upper portion is between the lower portion and the vari 
able resistivity material, 

whereinforming an insulation filling member comprises: 
forming a silicon layer that at least partially fills an interior 

of the electrode; and 
introducing nitrogen into an upper portion of the silicon 

layer in the interior of the electrode to form a silicon 
nitride layer that serves as the insulation filling member. 

2. The method of claim 1, wherein the variable resistivity 
material comprises a chalcogenide material. 

3. The method of claim 1, whereinforming a cup-shaped 
electrode comprises: 

forming the electrode from a conductive material; and 
introducing nitrogen into the upper portion of the electrode 

to increase the resistivity of the upper portion of the 
electrode. 

4. A method of fabricating an integrated circuit memory 
cell, comprising: 

forming a cup-shaped electrode on sidewalls of an opening 
in an insulation layer and through the opening onto an 
ohmic layer stacked on a conductive structure, wherein 
an upper portion of the electrode is formed from a dif 
ferent material having a greater resistivity than a lower 
portion of the electrode, the upper portion of the elec 
trode having a ring shape; 

forming an insulation filling member that at least partially 
fills an interior of the lower electrode; and 

forming a variable resistivity material on the insulation 
filling member and electrically connected to the ring 
shaped upper portion of the electrode, wherein the ring 
shaped upper portion is between the lower portion and 
the variable resistivity material, 

whereinforming an insulation filling member comprises: 
forming a silicon layer that at least partially fills an interior 

of the electrode; and 
oxidizing an upper portion of the silicon layer in the inte 

rior of the electrode to form a silicon oxide layer that 
serves as the insulation filling member. 

5. The method of claim 4, whereinforming a cup-shaped 
electrode comprises: 

forming a first conductive layer on sidewalls of the opening 
and on the ohmic layer; 
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removing an upper portion of the first conductive layer 
from the sidewalls of the opening; and 

forming a second conductive layer, which has a greater 
resistivity than the first conductive layer, on the side 
walls of the opening exposed when the upper portion of 5 
the first conductive layer is removed. 

6. A method of fabricating an integrated circuit memory 
cell, comprising: 

forming a cup-shaped electrode on sidewalls of an opening 
in an insulation layer and through the opening onto an 
ohmic layer stacked on a conductive structure, wherein 
an upper portion of the electrode is formed from a dif 
ferent material having a greater resistivity than a lower 
portion of the electrode, the upper portion of the elec 
trode having a ring shape; 

forming an insulation filling member that at least partially 
fills an interior of the lower electrode; and 

forming a variable resistivity material on the insulation 
filling member and electrically connected to the ring 
shaped upper portion of the electrode, wherein the ring 
shaped upper portion is between the lower portion and 
the variable resistivity material, 

wherein before forming the insulation filling member, fur 
ther comprises forming a conductive filling member that 
partially fills an interior of the electrode, wherein the 
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insulation filling member is formed on the conductive 
filling member to further fill the interior of the electrode. 

7. The method of claim 6, wherein: 
the conductive filling member is formed as a doped silicon 

layer on an interior of the electrode; and 
the insulation filling member is formed on the doped sili 

con layer to further fill the interior of the electrode. 
8. The method of claim 6, further comprising 
forming an insulating spacer on sidewalls of the opening 

and on a peripheral portion of the ohmic layer while 
leaving exposed a central portion of the ohmic layer, 
wherein the electrode is formed on the spacer and on the 
central portion of the ohmic layer. 

9. The method of claim 6, whereinforming a cup-shaped 
15 electrode comprises: 
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depositing the lower portion of the electrode from a first 
conductive material; and 

depositing the upper portion of the electrode from a second 
conductive material having a greater resistivity than the 
first conductive material. 

10. The method of claim 9, wherein: 
the lower portion of the electrode is formed from a metal; 

and 
the upper portion of the electrode is formed from a metal 

nitride. 


